Obesity is a widely recognized risk factor for several diseases, reaching an epidemic magnitude worldwide. Natural polyphenols may improve blood lipids and body weight, but their clinical relevance in the general population remains unclear. Thus, we aimed to analyze the relationship of intake of Ilex paraguariensis (I. paraguariensis) beverages to lipid profiles and body weight in a large patient population. Patients were recruited to participate in an educational program to change habits to a healthy lifestyle. Anamnesis, clinical and laboratory assessments were conducted at study enrollment and during follow-up. I. paraguariensis beverages were defined according to preparation as obtained by repeated cold water extraction (CWE), hot water infusions, or water and sugar decoction. Heavy drinkers were defined as those persons consuming >1 L/day of one or more preparation types. Participants (N = 18,287) aged ≥18 years entered the study. Overall prevalence of I. paraguariensis consumption was 91.2%. All three forms were drunk by 35.7%, whereas CWE + hot water infusion and CWE alone by 28.4% and 14.5% participants, respectively. Heavy CWE drinkers had lower total cholesterol (191.4 ± 49.4 vs. 194.6 ± 48.3 mg/dl, p = .02) and lower low-density lipoprotein cholesterol (118.6 ± 38.9 vs.
2011; Mereles, Wanker, & Katus, 2008) . Different types of infusions of dry leaves of Ilex paraguariensis (I. paraguariensis; yerba mate) are widely consumed in South America and have been proven to have central nervous system stimulant and diuretic properties; to benefit the cardiovascular system, they may play a role in the management of obesity and show blood lipids-lowering potential as suggested by in vitro and in vivo experiments (Bracesco, Sanchez, Contreras, Menini, & Gugliucci, 2011; Gambero & Ribeiro, 2015; Heck & de Mejia, 2007) .
The AsuRiesgo (Asuncion modificacion de factores de Riesgo cardiovascular) clinical study was designed to assess the prevalence of cardiovascular risk factors in an ambulatory patient population, as well as to define the impact of a noncoached education by a multidisciplinary intervention to change daily habits to a healthy lifestyle (Chaves, Brítez, Maciel, et al., 2015; Chaves, Brítez, Munzinger, et al., 2015) .
Type, frequency, and amount of intake of I. paraguariensis beverages were also assessed. The aim of this analysis was to define the relationship between consumption of I. paraguariensis and obesity, as well as blood lipid profile in this large patient population.
| MATERIALS AND METHODS

| Design and study population
The AsuRiesgo study was a case series-type prospective trial, where all participants received the same intervention, an educational program to increase awareness on cardiovascular risk factors, and based on this, to change usual habits to a healthy lifestyle. The cohort included a nonselected outpatient population aged ≥18 years old attending a high-output tertiary clinic in an urban setting in Asuncion, Paraguay.
Patients in all waiting areas of the hospital were invited to participate.
All assessments were conducted at study enrollment and at every visit during follow-up. The institutional ethics committee approved the study protocol, and all patients provided written informed consent.
| Assessment of symptoms and habits
Personal and familial anamnestic information was obtained. History of known coronary artery disease, diabetes mellitus, and arterial and/or hypertension was documented. Dietary behavior was defined qualitatively according to the daily intake of three groups of foods: meats/ animal fats, vegetables/fruits, and sugar/carbohydrates. The degree of consumption was assessed qualitatively for each group as "none," "low," "moderate," or "high."
The level of daily physical activity was classified as sedentary lifestyle, when not even a short recreational-type walk was achieved; moderate, when at least 30 min of a recreational-type walk at moderate intensity was achieved daily; and important, when ≥30 min of vigorous recreational walk or sports were achieved. Participants were classified as having a poor, intermediate, or ideal level, correspondingly.
Types of I. paraguariensis beverages were grouped according to the method of preparation in repeated cold water extraction (CWE, tereré), repeated hot water infusion (HWI, mate), and one-time water and sugar decoction (WSD, cocido). Frequency of I. paraguariensis beverage consumption was classified as "rarely," when ingestion took three times a year, "occasionally" for three times a month, "frequently" for three times a week, and "daily" for consumption on a daily basis.
Daily amount of consumption was assessed in a semiquantified manner in equivalents of a cup (250 ml), two cups (500 ml), four cups (1,000 ml), or higher (>1,000 ml).
| Assessment of anthropometric and laboratory parameters
All parameters were assessed at inclusion and during follow-up. Body weight, height, body mass index (BMI), abdominal circumference, and blood pressure, as well as standard laboratory parameters including triglycerides, total cholesterol, high-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol, and fasting glucose were assessed as described elsewhere. BMI stratification for analysis was <25 kg/m 2 for normal weight, 25-29 kg/m 2 for overweight, and >30 kg/m 2 for obesity.
| Statistical analysis
Continuous variables are expressed as mean ± standard deviation, or as median (25th and 75th percentiles) in case of nonnormality. 
| RESULTS AND DISCUSSION
The characteristics of the study population are shown in Table 1 . Participants (N = 18, 287) aged ≥18 years entered the study. Female prevalence in this population was high. Furthermore, the prevalence of Amount (daily quantity) Prevalence, frequency of consumption, and daily amounts of different types of I. paraguariensis beverages are presented in Table 2 . Global prevalence of consumption of I. paraguariensis beverages independent of type, frequency, quantity, and amount was high, being higher in men (94.2% vs. 89.7%, p < .0001). Whereas HWI (mate) alone, WSD (cocido) alone, HWI + WSD, and CWE (tereré) + HWI + WSD consumption was higher in women (4.6% vs. 2.2%, p < .0001; 6.8% vs.
2.2%, p < .0001; 4.6% vs. 1.6%, p < .0001; and 37.5% vs. 32.0%, p < .0001, respectively), and consumption of CWE alone, CWE + HWI, and CWE + WSD was higher in men (20.9% vs. 11.3%, p < .0001;
31.7% vs. 26.7%, p < .0001; and 9.3% vs. 8.4%, p = .064, respectively).
Daily consumption was in general higher compared with sporadic consumption, and the prevalence of daily intake >1 L was high, especially for the combination CWE + HWI + WSD (93.0%) and CWE + HWI (88.7%), and low for WSD alone (0.3%), HWI alone (9.2%), and the combination HWI + WSD (12.5%).
Weight, abdominal circumference, fasting glucose, and blood lipid profile in patients with moderate consumption of all types of I.
paraguariensis beverages in comparison with those with heavy consumption are shown in 1,000 ml, n (%) 6 (1.6) -6 (1.6) >1,000 ml, n (%)
Note. Values are presented mean ± standard deviation. Categorical variables are shown as a number of cases with percentages in brackets. Frequency of Ilex paraguariensis beverage consumption was classified as "rarely," when ingestion took three times a year, "occasionally" for three times a month, "frequently," for three times a week, and "daily" for consumption on a daily basis. CWE = cold water extraction (tereré); HWI = hot water infusion (mate); WSD = water and sugar decoction (cocido).
with moderate drinkers. Weight, abdominal circumference, fasting glucose, and blood lipid profile in patients with moderate consumption of CWE (tereré) only in comparison with those with heavy consumption are shown in Figure 1 . Weight was in this case even higher in heavy drinkers and total cholesterol, LDL cholesterol, and HDL cholesterol lower. A trend to higher triglycerides in men and lower fasting glucose, more evident in women, could also be found.
Findings concerning the amount of consumption of sugar and refined carbohydrates in daily diet are presented in To the best of our knowledge, this is the first report of an analysis of consumption of I. paraguariensis beverages in a large patient population in South America. Consumption was highly prevalent in both men and women, whereas men had a higher CWE (tereré) consumption than women. Heavy drinkers of I. paraguariensis beverages showed lower lipids profiles and glucose levels in blood but higher body weight.
I. paraguariensis induced hypoglycemia, and compensatory higher intake of refined carbohydrates may represent a possible cause.
Beverages made of yerba mate (Ilex paraguariensis St. Hilaire), an evergreen tree of the Aquifoliaceae family, are widely consumed in Paraguay, Argentina, Uruguay, and Southern Brazil. It has been popular for centuries and was adopted from the native inhabitants (Guaranies).
Dried and minced I. paraguariensis leaves are used for the preparation (Hussein, Matsuda, Nakamura, Hamao, et al., 2011) , inhibition of adipogenesis in preadypocites (Gosmann et al., 2012) , and reverse abdominal obesity, leptin resistance, and hypertriglyceridemia could be observed (da Silva Lima, de Oliveira, et al., 2014; da Silva Lima, Franco, et al., 2014) .
The effects of I. paraguariensis on lipid metabolism were also studied extensively in animal experiments and some clinical trials. In a study, I. paraguariensis was able to protect unsaturated fatty acids from peroxidation due to free radical attack in the liver (Martins et al., 2009 ); furthermore, it was able to prevent LDL cholesterol peroxidation (Matsumoto, Mendonça, de Oliveira, Souza, & Bastos, 2009 ). The consumption of I. paraguariensis by normolipidemic and dyslipidemic individuals significantly ameliorated serum lipid parameters; furthermore, it provided further LDL cholesterol reduction in subjects undergoing statin therapy (de Morais et al., 2009) . In another study, in vivo effects of I. paraguariensis on lipid metabolism included reductions in serum cholesterol, serum triglycerides, and glucose concentrations in mice that were fed a high-fat diet (Kang et al., 2012) . Lipid peroxidation measured by the serum lipid hydroperoxides assay decreased significantly I.
paraguariensis consumption in type 2 diabetes mellitus and prediabetic subjects (Boaventura et al., 2013) ; furthermore, I. paraguariensis was able to reduce serum triglycerides and cholesterol and decrease the atherogenic index in treated animals (Balzan et al., 2013) . It was able to ameliorate hyperlipidemia partly by reducing lipid peroxidation, improving endothelial function and lipoprotein lipase and hepatic lipase activities, and modulating the expression levels of genes involved in lipid oxidation and lipogenesis. It also has proven to exert strong antioxidant and lipid-lowering effects, prevent hepatic fatty deposition, and regulate the expression of lipid metabolic regulators (Gao, Liu, Qu, & Zhao, 2013; Gao, Long, et al., 2013) . I. paraguariensis has marked hypolipidemic action, decreasing triglycerides, total and LDL cholesterol, and serum malondialdehyde levels that had been increased after consuming the high-cholesterol diet (Bravo et al., 2014) .
The effects of I. paraguariensis on glucose metabolism have also been studied in in vivo experiments in animals and humans. I.
paraguariensis have proven to have an antihyperglycemic potential role in a study, in which I. paraguariensis was able to improve significantly the oral glucose tolerance curve; furthermore, I. paraguariensis inhibited in vitro disaccharidases activities and reduced the formation of advanced glycation end-products in a characteristic long-term effect (Pereira et al., 2012) . The reduction of fat weight, plasma triglyceride level, and both liver and fat tissues glucose oxidation was observed in healthy rats fed with a standard diet (Resende et al., 2012) . I.
paraguariensis consumption promoted a significant increase of erythrocyte-reduced glutathione concentration and a decrease of lipid hydroperoxides levels in type 2 diabetic mellitus and prediabetic subjects. In addition, glutathione concentration was inversely correlated with lipid hydroperoxide in type 2 diabetic mellitus and prediabetic individuals and with advanced glycation end-products in type 2 diabetic mellitus subjects (Boaventura et al., 2013) .
Our observations concerning the association of consumption of I.
paraguariensis beverages and blood lipid profile, as well as glucose levels, are consistent with those found in the studies commented in the previous paragraphs. However, a paradox finding in relation to should be tested in a well-designed prospective study.
A red flag concerning consumption of I. paraguariensis hot beverages deserves a comment here. Case-control studies, as well as a meta-analysis, reported the association of esophageal squamous cell carcinoma to consumption of repeated HWIs (mate). Possible mechanisms proposed are thermal injury of the esophageal mucosae and/or the presence of polycyclic aromatic hydrocarbons compounds in the beverages (Andrici & Eslick, 2013; Lubin et al., 2014) . In our population of 18,287 patients, we found only 11 cases esophageal squamous cell carcinoma, mean age 53 (range: 26-83 years), 10 of them were women. Only two of them consumed >1 L I. paraguariensis beverages on a daily basis, and they drunk exclusively CWE (tereré); furthermore, only three of them drunk a maximum amount of 1 L daily and here exclusively HWI (mate) drinkers. All other patients drunk I. paraguariensis beverages merely in a sporadic way. Contrary to the reported carcinogenic properties, there are scientifically backed reports of anticancer effects. I. paraguariensis has been shown to have a high cytotoxicity for cancer cells, which is even higher than that of green tea. I. paraguariensis has also shown to be highly effective in inhibiting topoisomerase II, which is responsible for cell division and by inhibiting cancer cell proliferation. Although I. paraguariensis does not contain high catechin levels (as e.g., epigallocatechin-3-gallate in green tea), it does have compounds that act similarly, such as dicaffeoylquinic acid. This compound has shown to be a potent proteasome inhibitor comparable with epigallocatechin-3-gallate, which has known proteasome inhibition activity and is being investigated for cancer treatment (Heck & de Mejia, 2007; Mereles & Hunstein, 2011) .
| CONCLUSIONS
Consumption of beverages made of I. paraguariensis was highly prevalent in both men and women in this patient population, whereas men had higher repeated CWE (tereré) consumption than women. A low-lipids high-body-weight paradox could be observed in the group of heavy drinkers. Induced hypoglycemia and compensatory higher intake of refined carbohydrates may represent a possible cause.
